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The three volumes* of the document "The Instruc-

tional Use of the Computer" are the result of a

report submitted to the Department of Education

in March 1973 by the iaboratoire de Pedagogie

Informatique. This study, directed by Mr. William

Lee, continues the work done by the Laboratory

set up in 191,8 within the Department of Educa-

tion's Data Processing Service.

In the first volume the classification and

description of the types of instructional uses

to which the computer may be put are the work of

Guy Chevalier and the experiment reports, the

work of Bernard Gateau.

The second volume on the costs of the various

computer uses was written byyrancois Labrousse.

The third volume which describes the scope of

computor use in education is the work of Lucien Dube.

The final copy was put together and given its

finishing touches with the assistance of Miss

Diane Laflamme and M-cs. Celine Brochu.

*Volume 1: "Types of uses"
Volume 2: "Costs"
Volume 3: 'Scope"
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1

INTRODUCTION

The computer does not have a reputation for being an inexpen-

sive tool. In the educational world, where the problem of costs

is especially important, its use depends to a great extent on the

expenses entailed as compared with the quality of instruction

provided.

Justification of a computer it industry or administration is

not necessarily a decrease in costs, but more probably a new de-

velopment or a step forward which the computer fosters or makes

possible; a similar phenomenon can be expected in education.

Some even claim that the computer needs no more justification

than the telephone or libraries which are obviously considered

indispensable (24).

In any case there exist very few operational economic data

on the instructional use of the computer. Experiment reports

are generally from the research field. Costs should be assessed

rather on the basis of a fairly extensive use.

The various expenditure items will be discussed in the

first chapter, after which the cost of each type of instructional

use of the computer* will be assessed.

* The classification used is that given in Volume I of this
report.
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CHAPTER I

COST ANM,YSIS

1.0 Classification

Expenses entailed or modified when a computer is used

for education may be classified under various headings:

1- Terminals

2- Computer

1- Telecommunications

4- Software

5- Courseware

6- Operation

7- Human resources

They will be studied in succession, and a brief description

as well as a scale of costs will be given*.

1.1 Terminals.

When the computer is used for remote processing, terminals

or consoles are brought into play. Telephone lines are used

for telecommunications.

*The use of a product exclusively for educational services
(telecommunications, computer equipment) generally involves
special rates.
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1.1 ... 3

Terminal .capacity varies greatly with the type used. This

may be anything from a simple teletype to a small computer.

There will be no discussion here of "remote batch" terminals

(punched card readers, printers) which are essentially an exten-

sion of the computer room hardware, but which can be used

ifor teaching data processing rutematon) or for n stn: wt oNal

r(v:.,ent (information bank, for example) .

Rather our discussion 'will be concerned with "conversational"

terminals, generally used by only one student at a time, allow-

ing him to communicate actively with the computer (29, 8): type-

writer-like terminals (teletype, IBM 2741, for example), mini-

printers, and keyboard and CRT display terminals.

1.1.1 TraenItop-7,:le terminals

The purchase price of these terminals varies from about

$1,000 to some $5,000 depending on their potential.

LPI Report, 1973, vol. II



One of the most common and least expensive is the Teletype

which includes various models, 'the prices* of which are given in

the table below (price before the educational discount):

manual
7

automatic

terminal terminal

111111.MMI.M11.... NOM 31,..01.411.1.. tbarilaMax¢Mela

$ 55 $ 70

Fig. 1 Vonthly costs of Toletype terminals.

To transmit or receive messages over telephone lines, a de-

vice (modulator-demodulator; modem) must be placed between the

terminal and the line at each end, This device is incorporated

with the Teletypes mentioned above. It should be noted, how-

ever, that for other terminals - GE - 300, for example, with a

monthly rent between $145 and $235 this device must be addel.

For communication with the computer, the cost of such a modem

* Prices quoted by Bell Telephone Company.
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1.1.1 011e

is $17.50* a month.

As a result the average annual cost of renting a fairly simple

terminal of this type would be about $1,000.

1.1.2 Cathode ray tube terminals

There are many models of this type of terminal. Few of these

have been designed for educational purposes (like Lektromedia,

PLATO). Their possibilities are highly variable and costs are

even more so. The use of display terminals for instructional pur-

poses requires screens with a certain flexibility bringing the

purchase price to between some $3,000 and $6,000, that is a rent-

al of about $100 per month.

Let us consider Project PLATO's plasma display panel**This

terminal makes a superimpression of a projected image possible

(4). At the present time it costs $4,000 (12); the estimate for

1974 is $2,500 and it is hoped that it will finally drop to only

$1,900.

**

Prices quoted by Bell Telephone Company.

According to CAI/C1I Information Exchelge Newo, January 1973,
published by Entelek, about one hundred of these terminals
have now been completed. They are assembled by Magnavox Co.
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1.1.3 Other terminals

Other terminals can be used for tortching at the same time as

a conversational terminal. Thus, a slide projector or a tape re-

corder can be added to the student station the whole controlled

by the program. The IBM 1500 system offers these possibilities.

This is a system specially developed around an IBM 1130 for com-

puter-assisted instruction.

The Bell Telephone Company now offers a cathode ray tube

(very simple, without instruction-oriented specialization) at $70/

month and a modem at $17.50/month, a mini-printer ($95/month)

and a cassette reader ($90/month, 50,000 character capacity).

Let us also note that units such as punched card readers or

marksensors* may be very useful in combination with a typewriter-

like terminal or mini-printer.

1.2 Computer

1.2.1 Genera]

The use and cost of the computer vary a great deal depending

on the method used to integrate it into the educational system.

Such a punched card reader or marksensor, is sold for $12,000
(market price: without the educational discount); rental ap-
proximately $250 a month. It reads 120 cards a minute.
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1.2.1 ...

Discussion here will be concerned in particular with a computer

operating on shared time used in the conversational mode.

The cost per terminal decreases when the system is a larger

one serving a greater number of terminals. However, if terminals

are scattered within an ,installation centered on a powerful com-

puter, telecommunication costs cancelling this advantage might

be involved.

It can be worthwhile using a commercial time sharing service

especially when only a few terminals are required. Often, an es-

timate of costs then involves the following three factors:

- calculating time of the central unit ("CPU" time)

- terminal-computer connection time;

volume occupied by auxiliary storage.

The hourly rate for a commercial time sharing service is

about $10 + $4, since telecommunications generally have to be added.

One method for estimating costs which will allow a comparison

of such very different solutions is to calculate the price of one

hour's work at a terminal or else of one month's or one year's

work. For this purpose, an "average" connection of six to ten hours

a day is assumed.

LPI Report, 1973, vol. II
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1.2.2 Cost ofd designed -for education_

a) The estimated cost for the 1970-71 year of an RCA Spectra

70 serving 192 terminals In New York (33) was $190,000. It does

not seem possible that the cost of the terminals could be included

in this price although the text is ambiguous on this point. The

cost of a computer would then be about. CO() per t6rmina2

annum.

b) In Kentucky, the EKEDC's* EMRI project (Educational

Management Research Information System) served 3,800 pupils at 62

terminals in the spring of 1972 (12). The terminals in question

were ASR 33 teletypes connected with an RCA 70, and the coot of a

teewna!_ annum 060, The terminal itself cost $950.

c) As a guide, the costs given by Kopstein and Seidel in

1967 for the hardware of three different installations can be quoted

(18) .

These costs include expenditures for the computer and termi-

nals (but not for telecommunications) in three types of use:

- 6 hr/day, 22 days/mo;

132 hours per terminal per month;

- 10 hr/day, + 5 hr.. Saturday;

240 hours per terminal per month;

18hr/day, + 9hr. Saturday;

432 hours per terminal per month,

* EKEDC: Eastern Kentucky Educational Development Corporation.
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1.2.2 ...

For an IBM 1460 and 20 pupil stations:

9

TYPE

OF

STATION

HOURLY COST PER TERMINAL '

MONTHLY

COST OF

INSTALLATION

Used

132 hr./mo.

Used

240 hr./mo.

Used

432 hr./mo.

Simple

Terminal
$5.30 $2.95 $1.74 $14,000

Terminal

with

Projector

$7.65 $4.25 $2.46 $20,200

Complete

Station

with Audio

$7.85 $4.35 $2.52 $20,700

Fig. 2 - lonthty cost of TU1 1400 installation + 20 stations, and

hourly cost calculate) per pupil (Koptein and Seidel, 1967)

ii) For an IBM 1500 with 32 complete stP_tio!-; (screen, projector

and audio):

HOURLY COST PER TERMINAL MONTHLY

COST OF

INSTALLATION132

Used

hr./mo.

Used

240 hr./mo.

Used

432 hr./mo.

Complete

Station
$3.63 $2.04 $1.20 $14,800

Fig. 3 - 1ont;2ly cost of T14 -1,90 installation + 32 stations, and

hourly cost calculated per pupil (Kopstein and Seidel, 796?)
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1.2.2 ... 10

iii) For a hypothetical installation, with 448 stations

and a PDP-10 (amortized over 48 months)*:

TYPE

OF

STATION

HOURLY COST PER TERMINAL
MONTHLY

COST OF

INSTALLATION

Used

132 hr./mo.

Used

240 hr./mo.

Used

432 hr./mo.

Teletype $0.50 $0-.28 $0.16 $28,800

Cathode

ray tube

and

keyboard

$0.93 $0.51 $0.29 $54,300

Fig. 4 .Monthly cost of PDP-10 installation + 448 stations, and

hourly cost calculated per pupil (Kopstein and Seidel,

id6i)

* This hypothesis seems highly advantageous and involves rather
low costs.
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1.2.3 Cost of commercial time-sharing.

11

a) In February 1973, costs* for the Dartmouth time-sharing

service were as follows:

TYPE
OF

RATE

CONNECTION TIME
(depending on
speed)

CALCULATING

TIME

per second

of CPU

time

STORAGE

SPACE

per 4000

char.

unit

INPUT/

OUTPUT

per 1000

I/O

units

10

char.

/sec.

13.45

char.

/sec.

30

char.

/sec.

INSIDE $1.40 $1.55 $2.30 $0.04 $0.35 $0.55

NON-COM-
MERCIAL $2.15 $2.35 $3.55 $0.06 $0.65 $1.00

COMMER-
CIAL

$5.25 $5.80 $8.65 $0.15 $2.00 $2.50

Fig. 5 - Ratoe of t,41,2 r.17P uth SyJteM oervice,

Fe r 1,:./ 1 d 73

* Obtained from the DTSS (Dartmouth Time-Sharing System). A
more complete table is given in Appendix D.
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1.2.3 12

These unit prices, although representative of market rates,

may seem rather high. Moreover DISS (Dartmouth Time-Sharing

System) offers annual contracts at a much lower average hourly

rate ($6,000 for 4896 hours of availability).

b) In 1971, Seltzer gave the following costs for the

Michigan Terminal System at the University of Michigan (28):

Terminal onnection $2.57/hr.

Calculating time (CPU) $286/hr. (8/seo.)

Memo-ry space $0.37/hr., per page

Storage space $0.28/hr., per 1000 pages

Without using the storage file, an hour of work at the ter-

minal in this case thus comes to about $4 $4.50/hr. for use of

the compUter.

c) In January 1973, the cost of the APL system available at

the Universite Laval for outside clients was:

Terminal connection $3/hr.

Calculating time $0.15/sec.

Storage space $0.80/track-month

A track allows storage of 13,030 bytes.

d) Suggested commercial rates for a time-sharing service

are thus markedly higher than the calculated costs for education-

al installations. However, estimates do not always take into

consideration the technical support personnel.
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Of course it is only natural that there should be differences

in cost since the services offered are different.

1.2,4 PLATO

In the PLATO IV project (3, 4), Bitzer assesses a high powered

system built around a computer* capable of serving some 4000 ter-

minals. The yearly costs for a terminal (2000 hours: 45 weeks, 44

hours a week) would amount to:

computer $220

software $ 25

system management $ 60

$305

Bitzer adds the cost of the terminal itself ($360 to $1000)

to this figure, which is particulary low and subject to dispute

(29) .

1.2.5 Cost of a small system.

As an example of a small system we can mention the system of-

fered by Computer Curriculum Corporation (described in (33) in

1970). This is a small computer serving eight terminals and de-

signed for a course in elementary arithmetic (Suppes'ilriZI and

practice' course) . The system is somewhat restricted but indepen-

dent and relatively inexpensive. Other courses could be offered

with a sligntly more expensive system. Total annual cost for com-

* In (12), it is specified that the 4000 terminals could be sup-
ported by four CDC 6400 or two CDC 6500.
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1.2.5 ... 14

pater, terminals and maintenance is estimated at $7,640, or about

noc t .o?, ono

1.2.6 Chanaes in_posts

The appearance of large systems, or even of mini-systems de-

signed especially for the field of education, has resulted in

considerable decreases in costs as compared with former systems

(29, 32) born of a less highly-developed technology and developed

for research purposes. We think this trend should continue.

1.2.7 Conclusion

The figures we have given show wide discrepancies which may

be explained by the different uses (a lighter or heavier load per

terminal) and the varying degrees of profitability (more or less

powerful systems, night time use of the computer, and so on).

At the present time, the annual cost which can be charged

to the computer alone (without the terminal) in an installation

designed for educational purposes should not exceed about $3000

per pupil station, A lower limit,might be estimated at $1000.

An operational - as opposed to a research - system should lean

towards the lower figure.
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1.3 Telecommunications.

In an installation connectino a computer with scattered or

remote terminals, the telecommunication costs may become consid-

erable and act as a decisive factor.

One of the main advantages of small independent installations

with only a few terminals, is that costs for this item may be nil.

1.3.1 Binary lines

Conversational terminals, taken separately, can use ordinary

telephone lines. A regular call may be made if it is very short

and sent a slight distance outside the local calling zone; but

costs quickly become prohibitive.

Rental of a line can then rapidly become economically inter-

esting: the average cost is a few dollars a mile. In the United

States, Bitzer (4) gives an average cost of $3.50/mile per month.

In Quebec*, the average monthly rate is about $4/mile, but varies

with the areas served. On the Government network, the monthly

rental is considerably lower: the per mile cost varies with the

number of circuits. As a guide, here are the prices for rental

of an ordinary line (2,400 bauds) Quebec - Montreal on one hand,

and Quebec - Chicoutimi on the other. Costs for regular rental

ana for the Government Telpak network are both given.

* Data supplied by the Bell Telephone Company.

See also (1) .
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1.3.1 ...

Quebec-Mantrial

Quebec Chicoutimi

Wmthly Lost

IONOIttlIdt#WW.0011t

$521

St172

Monthly cost

lor Telpkik network

$194

$309

Fig. 6 - '10nthly for ronal.*of )rainary te1ephone

lines, 2,400 lauds.

The diagram for use would be as follows:**

MOdeM Modern

16

Fig. 7 - Diagram of term inal and r7omputer connected by telephone

tine

and the cont of such a connection as follows (9elpak network) :

Monthly cost
of telephone !me

Monthly cost

of moderns

Total monthly cost
of hook-up

OuebecMantrial $194 SM $229

OW bac-Chicoutimi 1309 $35 $344

Compute

Fig. 8 . Examples of monthly teL costa for computer-

terminal connection up.ng a re.ed line.

Supplied by Bell Telephone Company (figures rounded off to the

nearest unit)

The device called a "modem" was explained previously (p.4).
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1.3.2 Concentration of lines 17

When there are several terminals in the same location, the

possibility of concentrating telecommunications so as to reduce

costs can be considered.

Accordingly, an ordinary line of the duplex type, specially

conditioned, can transmit messages from eighteen "slow" termi-

nals (15 characters/sec.)

The following table gives the increase in cost for this

quality of line, as compared with the foregoing:

Monthly cost

for normal network

Monthly cost

for Telpak network

Quebec Montreal $721 $305

Quebec Chicoutimi $660 $425

Fig. 9 4onthly costs*for rental of conditioned duplex lines.

The diagram for use would be as follows.

MODEM CONCENTRATOR 1 HIGH MOH CONCENTRA1 OR

--i SPEED FPEED

MODEM MODEM
MODEM DECONCENTRATOR ECONCENTRATO

COMPUTE

ig. 10 Diagram of terminals connected to a computer with concentrated

lines

* Data supplied by Bell Telephone,Company (rounded off to the
nearest unit).
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1.3,2 406 18

At each end of the line, a line concentrator-deconcentrator

and a high speed modem is required. Moreover, each terminal must

have its own modem connecting it with the concentrator as well as

a device (electronic circuit card) enabling it to work in this

mode.

As many as twenty-five terminals on the same 2400-baud line,

mean the followingmonthly costs* for this apparatus:

- cost for each terminal $ 12.50

modem " $ 17.50

concentrator-deconcentrator $242.50 (each)

- high-speed modem $115.00 (each)

Total cost of connection to the Telpak network on the two lines

under consideration would be as follows, in terms of the number

of terminals:

NUMBER
OF
TERMINALS

QUEBEC-MONTREAL LINE, QUEBEC-CHICOUTIMI LINE

Total
cost

Cost per
Terminal

Total
cost

Cost per
Terminal

5 $1,170 $234.00 $1,290 $258.00

7-
10 $1,320 $132.00 $1,440 $144.00

15 $1,470 $ 98.00 $1,590 $106.00

20 $1,620 $ 81.00 $1,740 $ 87.00

25 $1,770 $ 70.80 $1,890 $ 75.60

Fig. 11 ExqmpIe of 1onthly eo,;t and coat per ter-

mina7) of telecomn-:cator ,oLth 71.0 concentratiori on

re!':ted

* Supplied by Bell Telephone Company.
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1.3.2 .. . 19

In these two examples, line concentration becomes advanta-

geous rather quickly: from five terminals on the Quebec-Montr6a1

line and three terminals on the Quebec-Chicoutimi line.

1.3.3 Television cable

If we look to the future, we can visualize systems with

great numbers of terminals served by a television channel. Such

a system does not yet exist in Quebec, but is being studied.

Bitzer (4) proposes the following system:

100 miles

COMPUTER

I

r----

4 Mitt IV <.Atti t

1 mite

DISTRIBUTION

CENTER

IMUMAM0 111 N I)

IINI

TERMINI

Fig. 12 - Diagram of a systori uning T. Cables (Bitzer, 1971)

The television channel could transfer 1200 bits/sec. to each

of the 1500 terminals. The return line could transmit the answer

from each of the 1500 terminals at 60 bits/sec.

Hence the table on the next page.
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1.3.3 ... 20

MONTHLY COST

PER MILE

TOTAL MONTHLY

COST

TV Channel $35 $3,500

100,000

baud line
$15* $1,500

TOTAL $50 $5,000

Fig. 13 - Edtimate of t:/ecor7mu!z!cationo cost for 2500

t,:rmiKale ae ,,Jropoc tk2o foregong diagram

(lig, 1:]) hi!tzer, Zdn.

The result, per terminal is $3.33/month plus the cost of the

terminal line ($1), that is; $6.33 per month.

For 160 hours' monthly use, the result is the amazingly low

figure of 4' /hour per terminal for telecommunications.

1.4 Software

Here we are not referring to the courses themselves, which

will be studied later, but rather the systems for programming them:

course programming will, in fact, be included in the output.

* This cost seems rather low, compared with about $25/mile for a
50K bits line in Quebec. Modems would also have to be taken
into consideration.
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1.4.1 Tykes of software

Several types of software can be involved - the computer's

operational system (OS), a non-specialized conversational language

adapted to computer-assisted instruction (for instance, APL or

BASIC), or even a specialized system developed specifically for

this purpose (Coursewriter, and LYRIC for example). The cost of

the first type can be considered part of the computer operation,

as it would be if a time-sharing service were rented.

1.4.2 Conversational langUages

The cost of renting a conversational language, or rather,

its compiler or interpreter, depends on the machine which is to

receive it, its power, complexity, technical support personnel,

and so forth. The approximate cost would be several hundred'

,1^11r- per month.

1.4.3 Education-oriented languages

a) In 1970, Silvern (29) furnished the following costs for

rental of the LYRIC System, created specifically for education;

these costs depend on the number of terminals using the system:

LPI Report, 1973, vol. II



MONTHLY
RENTAL.
S,MONTH

1830

1500

1200

900 .1110.0.1.11

600

100

0 50 100 150 200 250 300 NUMBER OF TERMINALS

fig. 14 Monthly cost of the LYRIC system (Sityern, 1910)

22

b) .Kopstein and Seidel (18) assume that development of a

specialized language requires twenty man-years and costs $360,000.

Amortized over a three-year period in ten centers, the cost is

$1,000 per month. In the three cases of use below:

x 22 days

x 24 days

x 24 days

the amortization cost per pupil-hour is $0.38, $0.13, $0.005 re-

spectively, and per month for each terminal., $50.00, $31.20 and

$2.23.

2,640 hr/month: 20 students x 6 hrs.

7,680 hr/month: 32 students x 10 hrs.

193,536 hr/month: 448 students x 18 hrs.

c) In the PLATO program, Bitzer (3) estimates the amorti-

zation cost of the language at $25 per terminal per annum, the

cost of course writing ($500,000) then being spread over the 4000

planned terminals, with a five-year amortization period.

1.4.4' Estimate of the cost for software

The cost of conversational software applicable to ins-

truction, when not included in the cost of the computer, would

probably amount to between $3 and $15 per month per terminal.
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For example, a "package" renting for about $300/month, in an

installation serving 30 terminals, would come to about $10/month

per terminal. Use for 5 hr/day and 24 days/month would entail an

hourly cost of $0.083,

1.5 Courseware

Writing a course in which the computer plays a certain role

is a lengthy operation and the final touches are important. It

may be compared with writing a manual or preparing audio-visual

material. The figures quoted by the writers pertain more to tutorial

courses than to computer-man'ag(?,1 i rt.ltructl:on. It may be estimated

that for an equal pPriod of study by the pupil, it will take at

least twice as long to write a tutorial course than a CMI pro-

gram.

In any case, cost is directly related to quality, to the

extent that quality improves with the care given, and therefore

with the time taken to write the course. The cost of tutorial

courses, generally calculated in terms of one hour for an average

pupil, may vary in proportion between 1 and 15: $200 Lu $3,000.

1.5.1 Costs for use as a teaohinr7 instrument.

The following table gives a few figures concerning use of

the computer as a teaching zns trument.
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ACCORDING TO
'REPARATION TIME
1 ER HOUR
F INSTRUCTION

COST
PER HOUR
OP INSTRUCTION

- Stolurow (32) 100-400 hrs.
$1,200
$4,800

to

Clialp and Wye
quoted by (29}

234 hrs. $1,170

- Atkinson, Suppe
quoted by (19) $ 450

- Bacon,
quoted by (19)

$ 500
$3,000

to

Fig. 15 - Tic (74!),L Zcu' ?,,riting up one hour of

,iour:Je uoing the computer a a teaching in:itvument.

$1,500 can be considered the amount -a trained, specialized,

team would cost at the present time for writing, revising and val-

idating one hour of tutor-' instruction. Costs can be as little

as one half or even a third of this for practice (see

above reference to Supper).

1.5.2 Comrlitr-fa i':;trl.2-1: costs

For in3tpucti the cost of writing a course

could be estimated at between $500 and $1,000 per pupil study

hour. However, the difference can actually be very great depending

on the work required for preparinc; accompanyi9 material.
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1.5.3 Commercialized courses.

There are commercialized courses, particularly of the type

4r:.1 L.pcoti'oc. They are intended for elementary subjects

such as reading or arithmetic. The pupil spends an average of

10 minutes a day at the terminal. The cost of renting these

courses (according to (12))is about $100 a year per terminal. If

we consider that every day 25 to 30 pupils may use the terminal,

the annual cost per pupil and for each course offered is from

$3 to $4.

1.6 Operation

Some operating expenditures involved in computer-assisted

instruction are comparable to those of traditional instruction

(manuals, printed material, audio tapes, slides or films), while

others are related to computer operations (punched cards, printing

paper, and the like).

These expenses are marginal but cannot be ignored. In com-

ruter-marlage .n8trt::?tlo, the pupil often works on printed or

audio-visual material which he keeps or which must be replaced

rather frequently. In the tutcp,11 mode, terminals such as photo

projectors or tape recorders also involve costs for renewal of

material. (cf. (4) and (9)).

Moreover there are some administrative coscs such as the

services of a secretary that some authors bring in by adding a

percentage to the total costs, for example. Generally speaking,

we shall include these costs in the sector under which they come.
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1.7 Human resources.

The cost of the teaching personnel (teachers, supervisors,

instructors) involved when the course is distributed is the main

item under this heading. The costs for other personnel such as

operator, programmer, analyst, secretary... are included under

the heading described above.

The computer is'a tool in the educator's hands, freeing him

from routine tasks (correction and drill and practice) and thus

making him more often available. because of that, costs may be

modified;

- the teacher with more free time, can handle a greater

number of pupils;

- the role of the instructor, in some types of use, can be

entrusted to persons with IoWer qualifications (graduating

students, student or inexperienced teachers).

As the student progresses from the elementary to the univer-

sity level, he develops greater ability to work on his own: he

is more and more proficient in organizing his work; in individual-

ized instruction, and, in particular, in computerized instruction,

the need for a teacher's presence decreases; thus, the teacher/

pupil ratio also decreases. Moreover, the use of the computer at

the university. level, as stated by W. Dick and P. Gallagher (9),

seems to 'reduce the teacher's load. On the elementary level,

however, it seems that such a gain can not yet be hoped for (cf.

Project PLAN).
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1.8 Summary of the present cost of education

An appreciation of the costs arising from the instructional

uses of the computer cannot be made without reference to the pl.m:Jent

cost of education in Quebec.

The table below gives the overall costs for the elementary,

secondary and college levels. They are in dollars per pupil per

year. The amount and percentage for the teaching personnel are

also included.

EDUCATIONAL
LEVEL

OVERALL COST
PER PUPIL

COST OF TEACHING
PERSONNEL

cost percentage

Elementary
71-72 (21)

$570. $263. 46%

Sedondary
71-72 (21)

$1,052. $530. 50%

College
70-71 (20)

$1,397. $706. 50%

Fig. 16 - Present coot of educia. ion in dollars per pupil per

year.,
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On all three levels, the cost of teaching personnel accounts

for approximately half the total cost.

In comparison, college-level education in the United States

is estimated (11) at $667, of which about 57.4 percent is for

actual instruction.

If the total cost given in the table above is divided by

the number of hours pupils are in class, on the different levels,

a total hourly cost per pupil is obtained, which can become an

interesting basis for comparison:

EDUCATIONAL
LEVEL

NUMBER OF HOURS OF
INSTRUCTION PER ANNUM

HOURLY COST PER
PUPIL

Elementary 900 hours $ 0.63

Secondary 975 hours $ 1.08

College 891 hours* $ 1.57

17- Numbey of 110tira of instpuction [7:r unnum and hourly cost

per pupil for the firt three educiatonal levels. (22,3).

* This figure is approximate and based on the following data:

- two regular 82-day sessions, that is 164 days or about 33 weeks.

- In general education, courses involve about 25 hours per week,
and in vocational education, about 29 hours per week.
An average of 27 hours per week for 33 weeks has been used.
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To be more specific, the following are the expenditures

recorded on the three levels for items where educational tech-

nology plays a major role. These expenses could be influenced

by the use of the computer.

TEACHING
MATERIAL

LIBRARY
AUDIO VISUAL LABORATORY

DATA
PROCESSING

ANNUAL
COST

,

% OF
TOTAL
COST

.

ANNUAL
COST

,

% OF
TOTAL
COST

ANNUAL
COST

% OF
TOTAL
COST.

ANNUAL
COST

% OF
TOTAL
COST

ELEMEN-
TARY

$12.37 2.17 $ 7.05 1.24 - - - - - - - -

SECOND-
ARY $19.28 1.84 $22.42 2.13 $23.09* 2.20 - - - -

COLLEGE - - $81.45 5.8 $72.50 5.2 $34.90 2.5

Fig. 18 - Cost and pro rata percentage of total coot of technological

itemo in pupil-year (no,21).

* Regular and vocational laboratories.
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CHAPTER 2

ESTIMATE OF COSTS FOR

USE AS A tAbORATORY TOW,

2.1 Use of the computer as electronic equipment

In this case the computer or some simplified equipment is

used for studying decision elements, wiring and the like. Such

a tool must he classed among apparatus for electric, electronic

and physics laboratories and so on, and the choice must depend on

the same criteria as used for simildr tools, measuring apparatus

or experimental apparatus.

In an extreme case, the cost may actually be nil (outdated

equipment given by certain companies for training technicians).

This type of use modifies neither the methods nor the or-

ganization of the instruction given.

2.2 Use of the computer as a calculator

Two types of use can be distinguished in this category:

conversational use of the computer;

use of independent calculators or minicomputers.
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2.2.1 Conversational mode

a) Description

The computer is required to carry out certain calculations;

the pupil uses a high level language or one of its sub-sets.

One console can be'used by several students in succession. The

code is frequently short and the results required are limited

(console or mini-printer output). Calculating time depends on

the complexity of the program, which can very greatly. Machine

time (CPU time) is very slight as compared to the 'connection time:

the manual input of data and the printing of results (where ap-

plicable) is slow. The ratio: CPU time/connection time varies

from 1/50 to 1/1000 according to the power of the machine and

the type of program submitted.

b) Examples

According to Hickey (15), in February 1968, the Dartmouth

Time-Sharing Service, catering principally to educational insti-

tutions, yielded an average calculation/connection ratio of 1/144

for sessions averaging 16 minutes.

At the present time, the ITF system at SIMEQ has a ratio of

about 1/960*.

* The high speed of the SIMEQ computer goes a long way in ex-
plaining this rather low figure.
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2.2.1 ...

The reader has been given the costs for time-sharing systems,

and in particular for the DTSS service. In this system, for a

one-hour session entailing 20 seconds CPU time, without file stor-

age, the following computer cost is obtained:

connection: $5.25

CPU time : $3.00

total ; $8.25

In comparison, similar costs (excluding terminal and tele-

communications costs) for the ITF system at SIMEQ can be estimated

at $1.80/hr. However it should be noted that the ITF is not as

powerful as the DTSS and offers fewer possibilities.

c) Estimate of costs for the conversational mode.

For this type of use the cost covers mainly the computer,

the terminal and perhaps telecommunications. The costs for soft-

ware may in this case be considered as included in the computer

costs.

The following figures for an hour of use are indicative:

computer : $1.50 to $6.00

terminal rental : $1.00 to $3.00

$2.50 to $9.00

+ telecommunications: $0.00 to $3.00

total $2.50 to $12.00 per hour.
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2.2.2 Calculators or minicomputers.

With this type of equipment the computer's power is lost,

but the flexibility of an independent tool is gained without

telecommunication costs or complications.

The purchase of such apparatus involves between $3,000 and

$15,000. Amortized over five years this would mean $600 to

$3,000 per annum. Used for 800 hr/yr. the hourlif cost would be

between 80.75 and 83.75.

2.3 Use of the computer as an automaton

In this type of computer'use, the students write programs

and put them into the computer (scientific calculations, data

processing instruction).

The computer may be local or remote. In the first case it

may be small or medium-sized, and its work as an automaton rep-

resents only part of its task. In the second case, it may be

used:

- for conversational mode: manual introduction of programs by

the pupil; output on the terminal or miniprinter;

- for remote batch processing. Requirements: card or tape

punching, remote batch terminal.
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Hen:r again, it is diffiCult to give an average cost,

the variation in prices may be enormous, even for two progrants

of comparable length,

34

For the conversational mode, the rates given for the

at::p are still valid *, Use as an autov:at:on may lead to more

extensive compilations (longer CPU time) and the storage of

longer programs in the libraries.

Conversational use allows data to be introduced directly

into the terminal, thus avoiding punching costs. On the other

hand, the system's flexibility encourages more numerous exchanges

between student and computer. This increases the work load and,

consequently, the cost.

-To have a general idea, it could be estimated tnat the cost

of introducing a program ranges from less than one dollar to

several dollars.

2.4 Use of the computer as a simulator

Two types of simulation programs can he AisLinguished

i) programs in the conversational mode.

Using the terminal the pupil furnishes data or parameters

to program which returns the simulation resulLs. The

pupil's work with the simulation is in real time.

* Paragraph 2.2.1: total cost between $2.50 and $12.00/hr.
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ii) batch or remote batch programs.

35

Data are supplied on punched cards or tapes, and the results

come out in deferred time on the printer or plotter...

In each of these cases, there is no basic difference between

a simulation program and a traditional data processing pro-

gram.

The costs vary greatly. They may be negligeable or reach

some $50 or so for each use of the program. For the same work,

a batch processing program will, generally speaking, be less

expensive than a program in the conversational mode.

As a general rule, introduction of simulation into a tutorial

course or computer-managed instruction will entail greater costs;

but real experiments which are even more costly or actually im-

practicable in a small laboratory can thus be replaced. The in-

crease is due to two factors:

- writing simulation software is similar to writing scientific

calculation programs. Ti 'lengthy painstaking work;

- generally speaking a simulation programreguires more work

by the computer than part of a tutorial course, for example.
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2.5 Use of the computer as a reoaroli and development tool

We A.11 not give any estimate here of the costs involved in

the use of the computer as a PC8CaPCI: and development tool, since

such costs are too variable.

The work is often conventional - for instance, the statistical

processing of results - and entails the usual costs for business

data-processing.

Expe.,:iments on the instructional use of the computer may also

he involved, as for example, the comparison of two methods of

presenting information or of analyzing students' answers. In this

case the cost of the course presentation will correspond with the

cost of the mode in question (cost of the computer, the terminal,

telecomunications.,.). On the other hand the cost of writing an

experimental course will be amortized over a sm,:11 number of users

only. It is therefore natural to consider the overall cost of the

experiment rather than a per pupil or per hour cost, which in this

case has no meaning.
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CHAPTER 3

ESTIMATE OF COSTS FOR USE AS AN

111)CTIONAL VANA;EVENT TOOL

3.1 Use of the computer as an information ban.

3.1.1 Presentation

The use of the computer as an information bank is not pecu-

liar to the educational field. Of course, the use made of the

processed data does not affect the costs and sorting out instruc-

tional objectives or book titles would require the same amount,

to the extent that the computer's work would not change.

The references available mostly concern information banks

for educational documentation, especially books.

3.1.2 Estimates of costs

It is difficult to be precise when dealing with costs in

this use. A distinction must be made between i.,,atch processing,

remote batch ror.:-..'qseg and conversational. This last mode is

being put to increasingly greater use. It requires, for ew,ry

inquiry station, a terminal, which may be very simple (teletype

or cathode ray tube), and possibly, the use of telecommunications.
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The eomput:er c::)st is mainly the result of the need to keep

the systm available all day long (central unit attendants) and

manage vast files (large volumes in auxiliary storage) .

The annual cost per inquiry station in a conversational

system used all year can as a result he roughly estimated at

between $1,500 and $5,000, operating and personnel costs excluded.

3.2 Use of the computer for t.est-/

Here we have to distinguish between two types of computer

testing which are quite different from the data processing point

of view, One takes place in pal timo with conversational ter-

minals and the other in b.atch proceosing. with collection of the re-

sults, card punching, for instance, and batch processing.

Generally speaking, calculations are rather limited in

number in both cases, unless elaborate statistical processes are

involved. The cost of data processing will be` estimated below.

The amortization of the cost of preparing questionnaires and

testing programs must accordingly be added to these costs.
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3.2.1 Batch processing

The correction program: used in SIMEQ on an IBM/370-165

for secondary level examinations may be given as an example.

In 1972 this program made it possible to process some

2,300,000 examination papers, 1,220,000 of which were objective

tests. The program corrected these and compiled the results

of the others. The following operations were necessary:

cost per sheet

- Purchase of answer sheets (one questionnaire

per sheet) $17,875 for 2,750 000 sheets. $0.0065

- Preprinting of sheets:

600 hr. of printing, with CPU time $0.0012

- Automatic reading of sheets:

7 visual scanners for three months $0.0091

- Operation of visual scanners:

an average of 1 person per reading $0.0032

- Analysis and writing of corrctien and

validation programs: 15 days for analysis,

6 weeks for writing and testing. $0.0006

- Execution of program:

validation: 800 CPU seconds for 120,000

sheets $0.0027

correction: 15 CPU minutes for 1,220,000

sheets $0.0003

total $0.0236
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To obtain the overall cost of computer processing, it would

be necessary to add such other items as analysis and programming

for preprinting, and data prOcessing administration and management,

which would bring this partial total to some 3C per corrected

answer sheet.

Moreover, considerable expenses for handling (receiving,

sorting, shipping) or manual intervention had to be assured.

Estimated in thith case at between $160,000 and $180,000 they bring

the total cost for correction to 10 or 11 per answer sheet.

This example seems representative of a fairly large automat-

ic correction system. It can be observed that in this case the

actual cost of computer runs was rather low: handling accounted

for about 2/3 of the expenses.

For this type of use we will adopt the approximate average

cost of 10 to 15 for the automatic correction of a questionnaire

of about 50 items. This does not include the cost of writing the

tests.

3.2.2 Real time Erocossing

The computer's work during the test is comparable in this

case to that of a [nrruie>2t. The terminal,is used

both to ask the pupil questions and receive his answers.

The length of a test varies from one pupil to another and

the time spent at the terminal can give an idea of the cost.
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As will be seen in the section on the teaching instrument*,

a test requiring an average of 30 minutes at the terminal will

entail about $1.00 to $3.00.

Use of the computer for computer- managed instruction

3.3.1 Example one (not conversational): Project PLAN.

a) Description

One of the most elaborate examples of-computer-managed in-

structon is Westinghouse Learning Corporation's system, PLAN.

In the initial approach, the system operates in the United

States, on a central computer (IBM 370-155, at the present time)

to which the schools are connected. The computer is located in

Iowa City.

Generally, the school has a terminal capable of reading

manually marked cards ("mark-sensing", 12 cards/minute) and a

typewriter-like console which'acts as a printer.

Terminals are connected with the computer by 4800-baud

lines. There are 33 at the most and they are scattered throughout

the United States. The total number of pupils involved in 1970

was about 30,000 in 79 schools (35).

cf. Chapter 4.
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Every day, the pupil fills out a card indicating his progress

in the subject unit he is studying. At least once per unit he

answers test questions, again on a card. The student takes about

three weeks to complete a unit.

The whole set of cards is read and processed at night: this

requires four hours of processing*. Reports are sent to the

schools during the night.

The processing is relatively simple, since no records are

kept of the pupils' results (for statistical purposes, for exam-

ple); it is merely noted that they have completed the unit.

year.

b) Cost**

i) Installation would require $50 per pupil for the first

To cover the cost of:

equipment (computer and terminal)

telecommunications,

- programs,

instructional material,

Westinghouse charges $1,00 per pupil per year.

The program occupies 200K in storage.

** We have no breakdown of the costs shown.
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ii) Another source of information makes it possible to give

more specific figures for a PLAN client (about 500 pupils) during

the 1971-72 school year (180 days).

- operating costs.

Each terminal costs $8;15/month, telecommunications included.

On this basis the monthly cost for two terminals comes to $3.30

per pupil.

Operating costs, then, are:

terminal-telecommunications $ 3.30

computer $ 2.80'

course, teaching material $ 6.00

$12.10

that is, for nine months, $108.90/pupil.

installation costs:

total cost
: $5000

cost per pupil: $ 5

which brings the per pupil cost to $15.

It should be noted that the training of personnel must be

added to the installation costs:

$500 for ten days administrative training,

$300 for 5 days training per teacher.
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iii) 1(51 t t

10 /p up .1 1 f' c e b d.

cxpenJ,

It must he noted that these costs are additional: the or-

ganization of courses is obviously different; the teachers are

not assigned to classes as in traditiona.i instruction; however,

generally speaking the number of teachers remains about the same.

This is true for the system under consideration, at the pre-

sent time involving the elementary level, for every subject, and

every grade. However, for an older student body, the need for

teaching personnel should not be as great, since the pupil's au-

tonomy could increase.

c) Development

Westinghouse is reorganizing its system, so that the schools

no longer depend on a central computer. This seems quite natural

in view of the telecommunication costs and the rapid saturation

of the computer. In this case local computers of modest size are

used, (2000 HP), serving a limited number of terminals, about

ten, for instance.

The card reader used will be quicker (400 cards/minute as

compared with 12 for the model mentioned above); its purchase

price will be $10,000, its rental, about $2,000 a year.

The cost of $100/per pupil per year will already be dated

and it is to be expected that the new approach and an extension

of the system would bring about a considerable drop in cost.
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3.3.2 Analysis of the costs of comLuter-Na)2ojzcd imetuotior!

(not conversational)

a) Computer cost

A small computer designed to serve ten terminals and about

3000 pupils in this mode could come to about $35,000 rent per

annum ($3,000 a month).

Expenditures for operations and personnel attached to the

computer increase this price by about 50 percent.

Such a computer would certainly not be saturated in this

case and could be put to profitable use providing other services.

The sum of $35,000 per annum may serve to give an idea of the

cost price of the computer, operating expenses included.

b) Costs for terminals

The PLAN price of $825/month for each terminal seems high.

This is perhaps due to the cost of telecommunications which must

be considerable in the system adopted (centralized). The termi-

nals themselves, card reader and typewriter-like models, must

involve a rental of about $450/month, or $5,400/year.

A decentralized installation should reduce, if not eliminate,

the cost of telecommunications which will not be discussed here.
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c) Total cost for equipment

If we consider that one terminal serves 300 pupils (that is

3000 pupils for the computer), the following are the costs per

annum:

computer : $ 3,000

terminals $ 5,400

Total $ 8,400

that is, per pupil-year 28

d) Total cost per pupil

Let us add to the above costs:

rental of courseware $54/year*

instructional material: $ 9/year (PLAN figure)

the total comes to $91 per pupil per annum.

A total. estimate of r20 o ,;00 P p71 pet- a'uium seems

realistic and corresponds to existing figures.

3.3.3 Example two (conversational) at the university level

At the other end of the academic scale, an experiment in Ii-

was conducted at Florida State University (9).

* The figure quoted by PLAN is $6/month. Wide circulation of
courseware would be likely to reduce this amount, which accounts
for almost half the total cost.
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The course, for one semester and three credits, was given to

59 students. Here is a summary of

a) Development costs:

(M1 course development

CATcoding and feeding

the detailed estimate of costs:

$ 1,400

course into computer $ 7,817

clerical work $ 80

Total

b) Operating costs:

$ 9,297 $ 9,297

documentation

books $ 264

reproduction $ 80

Total

instruction

$ 344

publication of the guide $ 150

assistants (students) $ 1,760

teacher (1/10 of the time) $ 450

Total $ 2,360

computer $ 865

total operating costs $ 3,569 $ 3,569

Total cost of project: $12,866 $12,866

The writers conclude by declaring that the operating cost for

this course represents half or even a third of the cost for the

corresponding traditional course.
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The following are remarks concerning these figures:

- The course is for university students. Within the present edu-

cational context, i it is actually quite expensive.

- If we calculate an amortization over three years for the uni-

versity course (the subject was techniques of programmed

learning) , the figure reached is $3,100/year. For 60 students

per semester, or 120 a year, the cost would be $26 per student.

Since operating costs are about $60/pupil, the total would come

to $86/pupil for three credits (45 hours of instruction).

The average time spent at the terminal was 4.4hr per student.

The ratio of on-line time to the total time is thus about 1/10,

which is normal.

It should be noted that in this case the pupils are in direct

interaction with the computer, a contrast with Project PLAN

mentioned above.

3.3.4 Analysis of the costs for oomEuter-munalc!_i inoPuction

(conversational)

'ty,!,0;!, used in the conversational

mode, is similar to the t. used for irill an(I

the pupil regularly goes to the terminal to report his

progress to the program and receive tests or recommendations.
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In paragraph 4.1.3 it will be seen that for .10 minutes of

daily interaction with the courseware, the computer - terminal

cost per pupil may be estimated at $56/year.

The courseware will cost the same or slightly more than in

the preceding case; here a cost of $55 will be assumed. Thus we

reach the figure:

computer-terminals (including software) : $56

courseware : $55

instructional material : $10

That is, a total of $121, telecommunications excluded. In

this case, we can quote the total figure of $130 to $140/year per

pupil.
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CHAPTER 4

ESTIMATE OF COSTS FOR USE

AS A

4.0 Introduction

This is the type of instructional use of the computer on

which the greatest number of articles and books have been written.

This information shows no concensus on estimates and even in

cases of relatively similar uses one cost given may double or

triple another.

The discrepancy becomes appreciable when the costs of systems

in the planning or development stages are-introduced, especially

if the project promoters have their say.

The costs of the most optimistic planned systems and the pre-

sent usual costs are in a 1 to 10 ratio. ($0.35/hr to $3.50/hr).

The three types of computer use in the e.o.ciin;1 instrument

category are arranged in order of increasing instructional elabo-

ration. Costs grow at the same rate since pupil-computer interac-

tion time increases, as well as degree of difficulty and length of

course preparation time.
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Using data in the first chapter, we shall estimate the cost

of a few typical applications of the computer in this mode. Then,

taking a hypothetical example, we shall add the telecommunication

costs of setting up a system.

4.1 Use of data processing equipment

4.1.1 The terminal

When the computer is used as a teczong ?..strument, the pu-

pil's session at the terminal generally lasts from ten to thirty

minutes. Because of the close attention required of the pupils

and to allow a satisfactory flow of pupils to the terminal, non-

experimental sessions rarely last longer. It can be assumed

that during one hour, between two and six pupils will take a turn

at the terminal.

If we assume that the terminal operates eight hours a day,

it will be used by a maximum of 40 pupils, or, for a five-day

week, 200 pupils. For our calculations, we shall work with an

actual rate of use of 6 hours, er day. Taking delays into con-

sideration, as well as the interval between pupils, real connection

time will be longer, 7 to 8 hours, for example.

Then suppose that the pupil is to work at the terminal

every day. This gives the number of pupils one terminal can

serve, depending on the rate of turnover:
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two pupils an hour : 12 pupils per terminal

six pupils an hour : 36 pupils per terminal..

It can be considered that six pupils an hour is quite a

suitable rate for ip!!! it i ppactice, A rate of two pupils an

hour is better suited to /./t.;7 instruction or Jialouue

4.1.2 The computer

There does not seem to be much difference in the load

imposed on the computer between the three types of''i.eaciiing

inotr:e t applications: !pil! requires less

machine time, but there are more student answers than in the

mode or a

4.1.3 Cost: computer and terminal (includincj software)

This makes it possible to estimate the cost of equipment

for the three applications (,;/, tt41,:)P and

a ), that is the computer and programs on the one hand,

and on the other, the terminals.

a) According to the figures quoted in paragraph 1.2.7,

the cost of a computer for the school year, the support pro-

gram included, can be taken at $1000 per terminal.
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b) Por the terminal, a cost of $1,000 can be considered.

(cf paragraph 1.1)

c) We obtain a yearly total of $2,000. At the rate of 6

hours a day and 20 days a month (1,080 hr/yr) we come to an

hourly cost of $1.85/hour per pupil.

d) rcr pupil per annum, we obtain the following costs for

computer and terminals (including software):

, '7.171:our : 4f7/ t,CP

4.2 Course-writing (cf paragraph 1.5)

4.2.1 PuEil poEulation

The number of pupils who will use the course must be known

to calculate the amortization:

the number of pupils per annum

the number of years a course is used.

53

It may be supposed that a high quality course will be used

for several years. However, it will have to be changed and im-

proved on the basis of many parameters: pupil reaction, teacher

reaction, program changes. If these improvements are not made,
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the course will gradually be abandoned in favor of another; if

they are, the maintenance costs will come into play and compen-

sate for the gain in not writing another. amortj-

zation period might be, suggested, as for equipment, in order to

obtain an approximate cost.

Three different course distribution possibilities may be

considered for calculation purposes: 100 pupils/year, 1,000 pu-

pils/year and 10,000 pupils/year. That is, for five years: 500,

5,000 and 50,000 pupils.

4.2.2 Writing time

We shall assess course writing time independently of dis-

tribution. These two variables are in fact certainly interde-

pendent, but this would be very difficult to account for.

For the three types of use under consideration (.41,17 aYlci

rpf( tL4to1>i:z/ and 4i-77ogzio ), the difference in writing

time is noticeable. For jp7 anct p,,rr many examples can

easily be created from a single exercise pattern: two numbers

to add, a verb to conjugate in a certain tense, and the like.

In the mode, this advantage largely disappears. For

in .1. 7,7Djuo, the courseware takes still longer to prepare than

for /,(IT instruction.

LPI Report, 1973, vol. II



55

4.2.3 Cost of courseware:

According to the figures quoted in paragraph 1.5.1. the

following costs can be used:

for : $500 per course hour;

- for instruction: $1,500 per course hour.

Let us-recall the figures for the use of the computer per

student (180 days per annum)

for 10 minutes a day:

1,800 minutes = 30 hours of courses

- for 30 minutes a day:

5,400 minutes = 90 hours of courses.

Hence the following costs for courses to be taken during d

school year:

- for 7,ract2e : $ 15,000

for .!ti L-)Y':.;7 instruction: $135,000

With a five-year amortization, the annual cost comes to

$3,000 for a /,.2t,.?0 course and $27,000 for a tutoria/

course.

Per pupil, per ahnuici, the course cost is then as follows:
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TYPI. OP
COURSEWARE

ANNUAL COST
OF COURSE

Drill and

practice

Tutorial

Fig. 19:

$ 3000

$27000

4.3 Total cost.

COST PER PUP1

56

TO DISTRIBUTION

100 1,000 10,000

PUPILS/ PUPILS/ PUPILS/

YEAR YEAR YEAR

$ 30

$270

$ 3.00 $ 0.30

$27.00 $ 2.70

,v,:ort;Jat'z:u>z cours006t)y.

4.3.1 Limited hypotheses

Supposing that:

- the cost of telecomfitunications is nil because of the proxim-

ity of the computer (pupils of the same city with a computer

in that city, for example),

- the number of teachers is the same as for traditional instruc-

tion,

the annual cost for each pupil with reference to course dis-

tribution can be obtained. This cost is shown in the table

on the next page.
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-7--

TYPE

OF

COURSE-
WARE

ANNUAL AND HOURLY COST PER PUPIL ACCORDING TO COURSE
DISTRIBUTION

100 PUPILS/YEAR 1,000 PUPILS/YEAR 10,000 PUPILS/YEAR

per
annum

per
hour

per
annum

per
hour

per
annum

$ 56

per
hour

drill au
practice,
(10 min.' $ 86
day per
upil)

-r--

$2.87 $ 59 $1.97 $1.87

tutorial
(30 m i n.

1 $437
day per
pupil)

$4.85 $194 $2.16 $170 $1.89

Fig. 20. ' fr each pupil. for cour.o whieh computer
j teaohiK3 instru"U. terminatt.!, ewputer,

pr,:yrao, curoe8 oY2d opratior), per anrium anci V,OP

4.3.2 Estimate of costs for setting up a system.

For an estimate taking telecommunications into account, a

special case must be considered. Suppose that in Quebec, an instal-

lation serves elementary pupils in three cities: Quebec, Montreal

and Chicoutimi*. This is advantageous from the viewpoint of tele-

communications since the cities are already linked by the Telpak

telephone network.

A more extensive installation would certainly not be considered
in this way.
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Suppose we wish to serve:

in Montreal : 1,300 pupils

in Quebec 500 pupils

in Chicoutimi 200 pupils

total : 2,000 pupils

and offer six different ,v11 rPai'tLY courses (one per

grade). Every day 36 pupils would use the same terminal.

a) Number of terminals required:

in Montreal 37

in Quebec 14

in Chicoutimi 6

total : 57

that is, a total annual cost of $57,000 for terminals ($1,000 per

terminal).

h) Computer and support programs:

$57,000 per year ($1,000 per terminal),

c) Telecommunications:

As we saw in the first chapter (paragraph 1.3.2) line con-

centrators could be used.

LPI Report, 1973, vol. II



4.3.2 400 59

i) Thus between Quebec and Montreal two 2400-baud* lines

would serve the purpose, one feeding 18 terminals and the other, 19:

1st line (18 terminals) : $1,560/month

2nd line (19 terminals) : $1,590/month

ii) Between Quebec and Chicoutimi, one line would be enough:

6 terminals : $1,320/month.

iii) For in Quebec itself, only the modems will be counted on

the assumption that the government network would be used:

For 14 terminals : $ 490/month (28 modems).

The monthly total would come to: $4,960.

To calculate the annual cost, only nine months rental need be

considered for the school year - that is ,1,40/year.

d) Courses: six different courses, of 30 hours a year, for

2,000 pupils (five-year amortization) will each cost $500 per

course hour.

Total cost : $90,000

Total annual cost : $18,000

annual cost per pupil : $ 12

* It would actually be possible to use a single 4800-baud line.
However, we shall retain this approach which seems more rep-
resentative of use based on a network.
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e) Hence a 0,%?t per annum of:

terminals : $ 57,000

computer and software : $ 57,000

- telecommunications $ 44,640

courseware : $ 18,000

total : $176,640

or a :2,1:3 per pu!q! of : $88.32/gear

2.95/hour at the terminal.

60

f) These figures call for certain remarks:

- This is an example of an estimate for the initial introduction

of a system, and not for a system open to all elementary

school pupils.

- A low rate of use has been estimated for the terminals since

their rental is amortized only over the six hours of use de-

scribed (real operation time is 7 or 8 hours).

- An identical comment should be made on the cost of renting

lines. However only nine months' rental has been counted, a

hypothesis which would have to be re-examined in a real sys-

tem.

- The overall cost of the six courses represents $90,000 for

180 hours.

- The improvement in the teaching staff's work load could be

considerable: in Montreal, for instance, 37 terminals ais

tributed among several schools would allow a re-examination

of school organization; and even if not reflected in a de-

creasing number of teachers, the improvement should show up

in the quality of instruction and the progress made by the pupils.
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4.3.3 Conclusion.

The figures quoted in 4.3.2, as well as the various esti-

mates quoted by the author (when they are not the result of a

report on an actual experiment) or made by ourselves, have been

obtained through hypotheses and approximations; they must be re-

garded in this light.

To secure P. more accurate estimate, it would be necessary

to define clearly the conditions of computer use within the context

of the project which must go beyond the experimental or semi-exper-

imental stage.

We could then hope to lower the cost for the example quoted

in 4.3.2. Were a greater number of pupils involved, it would be

possible to consider several choices in setting up the teleproc-

essing network. In particular a satellite network would lead to

savings in ,(3,7:iti-?1,-t(2./omecrion costs.

Such a system would depend on a series of medium-sized or

minicomputers linked by fast lines with a central computer. De-

pending on the distribution of the terminals and the type of

use, the role of the satellite computers would vary from simple

line concentration to responsibility for most of the processing.

In the latter case, the central computer would be primarily a

vast data bank.

The cost of the terminal does not seem likely to show any

spectacular decrease. Rather it may be hoped that for the cost

of today's simplest terminal we will obtain ever-increasing pos-
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sibilit es.

finally, reductions in the cost of course amortization can

be hoped for as distribution grows.

Conceivably, improvements along these lines will make the

computer an indispensable tool in the educational field.
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APPENDICES

A- As a conclusion to this volume, a table summarizing the

estimates given here of the costs for the various types

of instructional uses of the computer.

It must be remembered that this is an estimate of

<iv,_rta costs of greater interest than extreme cases,

which are often unreliable.

B- A table summarizing the costs, given by the various

authors, for the use of the computer as a teaching in -

;7trume,It. Note the great range.

C- A note providing additional information cn an important

experiment quoted in Appendix B.

A copy of the rates for the Dartmouth Time-Sharing

System (DTSS).
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APPENDIX C

Suppes, Jamison and cutler (33) offer an estimate of the cost

and efficiency of once of the largest systems of computerized in-

struction in operation at the present time. In 1970-71 in the

city of-New York, the system was based on an RCA Spectra 70 serving

192 terminals for il'IN aNc: practice.

(in thousands of dollars):

The costs were as follows

1968-1969 1970-1971

REAL COST ESTIMATED COST

Thousands Thousands

of dollars of dollars

Hardware 190 190

Courses 20 20

Administration 80 52

Personnel 60 75

Telecommunications 130 70

Teacher training 15 13

Miscellaneous 8

575 428

Therefore, the overall cost for 1970 -1971 was $2,230/year per termi-

nal-. If we estimate the use at 1600 hours per annum, the cost per

pupil comes to $1.45/hr.,: which is exceptionally low.

However in June 1972, Elmer Bartels -(2) quoted $3.73/hour per

pupil for .this systeM, while hoping to see thiS cost drop to $3.17

with a more intensive:use of the system.- Unfortunately-, we have no

informatiori enabling us to explain this difference. Moreover, Bartels

quotes this figure as one of the lowest available at the present time:
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APPENDIX D

TABLE OF DTSS COSTS

(Dartmouth Time-Sharing System)

PATE: 07 FEE 71 1t514;"

'.F.J-2HEDULE CF RATE::
A OF NOVEMBER Is 1972

I. RtWES FGP MN5 THE DARTMOUTH TIME:HARING .ITEM

IWALE OUTME COMMERrIAL

TEFMINAL
16 1.71-it-VEC 1 1.46.HA 2.15.HR $ HA
1];.45 1.55,'HR
15 CHIP/I'EC: 1.65,.H3; 2.56 HR 6.1$.'HR

CHR/:Ec. 2.10/HR 3.55..HP HR
66 CHAR. MC 3.2!5/HR GO 'HR 12.2c..HR
126 :HP/:E':).) 4.60/HRT 7.16 HR 17.:A,HF
a46 CHAFE:,

CPIJ/IC
5.55,'HA
.64

9.15 HR 22.4(/HA

TORA15E.,UNIT400 .35 2.66
UNIT0*** wc

1.06
(CGT I FEA
1060

' LIMITED AVAILABILITY; CONTACT KIEWIT COMPUTATION CENTERS
HANDVERs N. H. 6:1;755, PHONE <66S) 646-2643 FGR MORE INFORMATIGN..

NOT AVAILABLE AT FRESENT (16/31,'72)

,0, A iTORAGE UNIT CCN:=TS OF 1666 WORD: <OR 4060 CHARK-
-TERI) VIEJRF:G8' CHAR5r.S ARE BASED ON AVERAGE CF STORAGE'FIGURU!
TAKEN WEEKLY.

a.-+ FOR AN EXPLANATION OF 147 UNITS, TYPE "EXPLAIN INOUT".
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II . BAOGFOUND PATU::, (FOP ON-CFINFU: U:EF: ONLY.

CARL REALER
1:AFri FUNCH
HIGH :FEET. PRINTER
CPU UIED
TF1FE - READ
TAPE

72

$ .01 PER 16 CHR5.: FEAT.
.01 FEE CAFD FMCHE6
.665 FEF 16 LINE:: FRANI-EL
.04 FEE :ECONE.

FER 1666 FP.AL
PEP. 1666 I4OFV 1;;ITTEN

RATE: TO }E LETERMINEL. ,ANUARY 1. 157.:

III. RATE:: FOR USING-GECO

MADE

C,FU $ .64

OUP:ILE

.66

COMMERriAL

T

Iv. FLFir RATE ':ER VICE AVAILABLE (FOR EBUCATIONFiL ONLY)

TYPE OF FLAN LURATION ACCEST CO:j

PLAN A
FLAN B

VI* 410

9 MONTI-IL FULL FiCCE: $ 556/MONTH
lE 3 iONTH2 FULL $ 560/MONTH

NOTF-: :FECIAL FEFMISLIGN I. REWIRE0 TG U:E BACKGROUND ANL,
CONTACT MF3. rD BFGADHEFID, vIE16IT. 6:63J 646-641,.

CF 11 AN ABBREVIATION FOP CENTRAL FROCE:SING UNIT

FEnt,y

LPI Report, 1973, vol. II



73

BIBLIOGRAPHY

1 AI3T, Clark C., "Reforming Urban Education with Cost-effective-

ness Analysis",

pp. 36-3R.

.,;10!,0, September 1970,

2 BARTELS, Elmer C., "The Utility of an On-Line Computer-Based

Educational System for Industry",

June 1972, pp. 56-58,

Honal reohnology,

3 BITZER, D.L. , and ALPERT, D., "Advances in Computer-based

Education", ,H:,e)?cc, Vol. 167, March 20 1970, pp. 1582-

1590.

BITZER, Donald L., and SKAPERDAS, Dominic, "The Design of an

Economically Viable Large-Scale Computer-based Education

System", in ," , ,r,;:,q)-Eng, Vol. II , Sidney G.

Tickton, R.R. Bowker Co., N.Y.- London, 1971, pp. 439-454.

5 CASTONGUAY, .Jean, "Syst6mes et coats" dans L'ut'!,lieation de Z'or,-

1!Or T:ccirtgog,/u,Collogue de Mai 1972 ,

Cap-Rouge P.Q., :-i.nste-re de l'Education de Quebec, 1972,

pp. 310-317.

COLE, James L., Aop '0.(10K of ,7ot-Tuter Technology to the

AJultJ, Adult Learning Center,

Raleigh, N.C., October 1971, 55pp,

COMMITTEE ON SCIENCE AND ASTRONAUTICS, A -Study of Technology

US Gov., Printing Office July,1969i 208 pp

LPI Report, 1973, vol. II



74

8 DATAMATION, Technical

Publishing Company, 1971.

9 DICK, W., and GALLAGHER, P., "Systems Concepts and Computer-

managed Instruction: an Implementation and Validation

Study", FJ:ioationi Pochn:qo(iy, February 1972, pp. 33-39.

10 DUNN, Alex, and WASTLER, Jean, CorTuter-Assisted Instruction

Pro;let, (Montgomery County Public Schools) Board of

Education of Montgomery County, Rockville, Maryland, 1972.

11 EDUCATION TURNKEY SYSTEMS, "iconomics of Third Grade Education",

Audo-v'Zsua't Instruction, November 1971, pp. 8-18.

12 EPIE (Educational Products Information Exchange Institute),

Repor no 45: Tree E(iuc(ztional Technologies, June 1972,

EPIE Institute, 463 West Street, New York, N.Y. 10014.

13 HALL, Keith A. , 'onut,,r-A. ;,-. ;ted Instruction: status in

Pennsylvan, July-1970, 14 pp.

14 HALL, Keith A., "Computer-assisted Instruction: Problems and

Performance", NII-DgLTA-KAPPAii, June 1971, pp. 628-631

(idem (13)) .

15 HICKEY, A., "CAI in the States: A Status Report", in Aspects

ENL!atonql ci!n(7,logy, Vol. 2, 1969, pp. 40-500.

LPI Report, 1973, vol. II



75

16 KIESLINC, Herbert_ J., "On the Economic Analysis of FAilcational

Techn,..)10,1y1', in Vol. II, Sidney C.

Tickton, R.R. Bowkr Co,, N.Y.London, 1971, pp. 977-997.

17 KING, J.H., "Computr-Aided Instruction: Progress?"

1968, pp. 31-90.

18 KOPSTEIN, F.E., and SEIDEL, Robert J. , "Computer-Administered

Instruction versus Traditionally Administered Instruction:

Economics", 1967/1968, in Inf:tP14011:(2,n,

Richard C. Atkinson & H.A. Wilson,

Ac.ademic Press, 1969.

19 MILLER, :James C. , "Deciding fAiethec and How to Use Educational

Technology in the Light of Cost-effectiveness Evaluation",

-,,, Vol. II, S.G. Tickton, R.R. Bowker

Co., N.Y.-London, 1971, pp. 1007-1027.

20 MINISTERE DE L'EDUCATION DU QUEBEC, catinn au ;,1u(bec en

BibliothOque Nationale, 1972.

21 MINISTERE DE L'EDUCATION DU QUEBEC, t, gin;?. :gin par (ileve aux

(estimations pour 1971-

1972), Service d'Analyse des coats, Direction Generale du

Financement , 1972.

22 MlNISTERE DE L'EDUCATION DU QUEBEC, leront No 7, 16 mai

1972, Publi( par le ,linistIre de l'Education.

23 MINISTERE DU L'EDUCATION DU QUEBEC,

1972-1973, Puhlii.7 par. Jo Minister° de

l' Education.

LAI Report, 1973, vol. II



76

24 MOLNAR, A.R., "Critical Issues in Computer-based Learning",

August 1971, pp. 60-64.

.25 NEVISON, John M., ject, '1 is -Yeah Report,

September-December 1968, KIEWIT Computation Center,

Dartmouth College, Hanover, New-Hampshire.

26 OETTINGER, Anthony G. , r:ti=, titer-, Ran, Harvard University

Press, Cambridge, Mass., March 1969, 302 pp.

27 POST, Dudley L., "Installing a Time-sharing System" in The lAge

Se '1001ematiJs, ed. by D.L.

Post, ENTELEK, Mass., 1970, pp. 63-93.

28 SELTZER, Robert A., "Computer-assisted Instruction: What it

can and cannot do" Ae.r ..1?? Pd:Ihologi.dt, April 1971,

Vol. 26, No. 4, pp. 373-37').

29 SILVERN, Leonard C., Cpmppter-assisted Instruction

::yatno, Education & Training Consultants Co., 1970.

30 SMYTHE, R.E., Ilable CAI, Sanders Data Systems

Inc., May 1970.

31 SPEAGLE, Richard E., "The Costs of Instructional Technology",

in 1'7)- , Vol. II, Sidney G. Tickton, R.R.

Bowker Co., N.Y.-London, 1971, pp. 1061-1074.

32 STOLUROW, Lawrence M. 1 4 r/21:'U(tiO, American

Data Processing Inc., Detroit, 1968, 94 pp.

LPI Report, 1973, vol. II



77

33 SUPPES, P., JAMISON, D., and BUTLER, C., "Estimated Costs of

Computer-assisted Instruction for Compensatory Education

in Urban Areas" Ltat Tecihol.ogu, September 1970,

pp. 49-57.

34 U.S. CIVIL SERVICE COMMISSION, C:-)or-ass:3terl'Inotruotion:

A ',1)!c1,6-7 (-.)r1 :-'1.(dy, U.S. Government

Printing Office, August 1971, 19 pp.

35 WESTINGHOUSE LEARNING Co., Ptfol'ohool Dtrootop, 1970.

LPI Report, 1973, vol. II


